obility is important to successful rehabilitation after a stroke, which makes restoration of gait a priority. Three months after a stroke, approximately 20% of stroke survivors remain primary wheelchair users, while walking is limited in some manner in another 60%.
only in the absence of randomized controlled trials (RCTs).
The outcomes of gait analysis between the intervention and control groups were compared within each trial. The results were expressed as a dichotomous variable (evidence of a benefit of treatment vs. nonsignificant differences between the treatment groups). Sample sizes and PEDro scores were not considered in the decisionmaking process.
The levels of evidence used to summarize the findings were based, in part, on the levels of evidence used by the US Agency for Health Care Policy and Research (AHCPR) guidelines for stroke rehabilitation. 3 Four levels of evidence were considered: strong, moderate, limited, and conflicting. The following definitions of evidence were used:
• Strong: The findings were supported by the results of two or more RCTs of at least "fair" quality.
• Moderate: The findings were supported by a single RCT of a least "fair" quality.
• Limited: The findings were supported by at least one nonexperimental study (nonrandomized controlled trial, cohort studies etc.).
• Conflicting: Disagreement between the findings of multiple RCTs.
Results

Strength training
Weakness has been defined as an inadequate capacity to generate normal levels of muscle force. Unilateral weakness following stroke is well known and has been well described. 4 Miller et al. 4 have noted that weakness as a prominent concern in hemiplegic/hemiparetic stroke patients is sometimes overshadowed by concerns about treatment of spasticity and synergistic movements.
Muscle strengthening as an intervention is designed to improve the force-generation capacity of hemiplegic limbs post stroke and enhance functional abilities. Forster and Young 5 noted that:
current physiotherapy programmes do not include muscle strengthening as it has been argued that strength training increases spasticity (Bobath, 1990 ). However, uncontrolled clinical trials and case studies (Sharp and Brouwer 1997, Engardt et al. 1995) have shown that resistive training from the lower limb can produce significant strength gains for patients who were at least six months post-stroke and able to walk independently. However, such gains may not be translated into improved functional performance (Weiss et al. 2000) and it seems training is more effective when it is specific to the action desired (Ng and Shepherd 2000). (p. 25) Given that paresis or weakness is a common source of impairment and subsequent disability, it is somewhat surprising that more research has not been done on strength training as a therapeutic approach. The central or upper motor neuron etiology of weakness obviously makes stroke-related weakness less amenable to strength training than other approaches such as deconditioning. Nevertheless, two RCTs 6, 7 provide important evidence that a program of strengthening exercise can improve both gait efficiency and the ability of the patient to perform activities of daily living (ADLs).
Six studies that evaluated strength training among stroke patients with chronic deficits were identified [6] [7] [8] [9] [10] [11] ; three of the studies were RCTs. 6, 7, 10 One study received a score of 4, 6 and the other two received a score of 5. 7, 10 All of the studies reported significant improvements in a variety of functional outcome measurements. The results have been summarized in Table 1 .
Conclusions about strength training
Two RCTs of fair quality (PEDro = 5) examined the benefits of strength training on gait. 7, 10 Because the numbers were small (N = 13 and 12, respectively), this constitutes only moderate evidence that the efficiency of gait, as measured by distance walked during the 6-minute test, significantly improves after strength training. Three unrated studies confirmed this finding. Based on one fair RCT, 6 there is moderate evidence of the benefits of progressive strengthening exercise on ADLs. These studies, as an aggregate, provide strong evidence of the benefit of strengthening exercises for hemiparetic stroke patients.
Functional electrical stimulation (FES)
FES in the lower extremity has been used to enhance ankle dorsiflexion during the swing phase of gait. Weak ankle dorsiflexion with plantarflexion hypertonicity results in a drop foot, which is typically corrected by an ankle-foot orthosis (AFO). FES stimulating the common peroneal nerve during the swing phase of gait would appear to be a suitable alternative.
Seven studies that evaluated the effectiveness of FES were identified. [12] [13] [14] [15] [16] [17] [18] There were four RCTs examining FES and gait retraining. All studies received PEDro scores of 5 or 6. [13] [14] [15] 17 The results have been summarized in Tables 2 and 3 . Cozean et al. 13 reported that FES when combined with biofeedback produced better results than standard physical therapy or FES or biofeedback alone. MacDonell et al. 14 found that FES when combined with physiotherapy was superior to physiotherapy alone in improving ambulation scores. Similarly, Burridge et al. 17 found that FES when combined with physiotherapy was superior to physiotherapy alone in significant improving gait speed while reducing energy costs. The benefit was only noticeable when the stimulator was being used.
Conclusions about FES
Based on the results from four RCTs of at least fair quality, there is strong evidence that FES combined with gait retraining improves hemiplegic gait.
Treadmill training
Eight studies evaluating the effectiveness of treadmill training were identified. [19] [20] [21] [22] [23] [24] [25] [26] The results are summarized in Tables 4 and  5 . Only two were RCTs. 23, 26 The RCTs were both good quality studies (Liston et al. PEDro = 7; Pohl et al. PEDro = 6). Liston et al. 23 found no significant differences in chronic stroke patients who underwent treadmill retraining, while Pohl et al. 26 found that a more aggressive progressive training program improved gait post stroke. The remaining studies were unrated, yielding mixed results. 
Conclusions about treadmill training
Based on two RCTs, which compared treadmill training to conventional therapy, there is conflicting evidence as to whether treadmill training, in the absence of partial body-weight support, offers any advantage over standard treatment. Among nonrated studies examining pre-and postinterventional changes associated with treadmill training in small numbers of stroke patients, there is evidence of benefit; the majority of studies appear to demonstrate a beneficial effect in the absence of adequate controls.
Partial body-weight support and treadmill training
A more recent innovation for retraining gait has been partial weight support combined with treadmill training. The bodyweight support approach to motor recovery is appropriately summarized as "those who want to walk learn by walking." 27 As Hodgson et al. 28 observed, based on animal models, various motor activity specifics, such as stepping, may be induced by the brainstem and spinal cord with little cortical stimulus. Harkema et al. 29 observed that sensory inputs associated with normal stepping can elicit locomotor outputs, even in those patients suffering from a complete thoracic spinal cord injury. Consequently, this has led several investigators to study bodyweight-supported treadmill training after stroke in an attempt to optimize locomotorrelated sensory inputs to all neural regions that are involved in walking. This strategy is thought to increase functional independence and speed of walking. Hence, there appears to be a strong neurophysiological basis for this mode of gait retraining.
On a more practical level, body-weight support attempts to provide postural support and promote coordination of the lower extremities. Theoretically, decreased weight bearing allows more physiological movement strategies by minimizing weight-bearing demands. Patient confidence is greater because of a reduced risk of falling while still engaging in the task. Body-weight support can be gradually withdrawn as patients' posture, balance, and coordination improves.
Hesse et al. 27 noted that:
Task-specific therapy can enable hemiplegic patients to practice walking repetitively, in contrast to conventional treatment in which tone-inhibiting manoeuvres and gait-preparatory tasks during sitting and standing dominate. The treadmill with body weight support technique employs a modified parachute harness to substitute for balance deficiency. The rotating treadmill belt requires complex stepping movements. The harness is used to promote vertical body position; swinging in the harness is avoided. If the patient assumes a flexed body position, the point of suspension can be moved posteriorly so that the trunk is erect. When correctly positioned, the harness supports a proportion of body weight, allowing the patients to support the remaining weight adequately without knee collapse or excessive hip flexion during the single-stance period of the affected lower limb. (p. S112)
Hesse et al. 27 also noted that:
The appropriate patient for treadmill training with body weight support should be able to sit at the edge of the bed independently, but standing ability is not required … initially, two (and often three) therapists are required to assist the patient's movement on the belt, so that the patient practices stepping not only repetitively but also in a correct manner.
(p. 113)
Partial body-weight support with treadmill training is a promising new approach. This technique enables nonambulatory stroke survivors the repetitive practice of complex gait cycles rather than single-limb gait preparatory maneuvers. Patients are able to walk more symmetrically with less spasticity and better cardiovascular efficiency, which the treadmill provides when compared to floor walking. 27 Eight studies that evaluated the effectiveness of partial body-weight support were reviewed. [30] [31] [32] [33] [34] [35] [36] [37] [38] Two publications by Teixeira da Cuhna Filho 34, 37 were considered as a single trial. The results are summarized in Tables 6 and 7 .
Of the seven studies reviewed, six were RCTs; three were considered to be of good quality. 31, 35, 38 Of the good quality trials, two were positive 31, 38 and one was negative. 35 Of the two fair trials, 33,37 both were negative. Nilsson et al., 35 a good quality trial, found no significant differences between the groups at discharge or at 10-month follow-up. Visintin et al. 31 and Werner et al., 38 also good quality trials, found the combination of treadmill training and partial weight-bearing support resulted in significant benefits in motor recovery and walking speed, which were still present at the 3-month follow-up. Sullivan et al. 36 noted that significant gait improvements were achieved at higher training speed; however, this study did not have an appropriate control. In contrast, Kosak et al. 33 in a fair RCT found no significant benefit when compared to aggressive bracing assisted walking. Similarly, Teixeira da Cunha Filho 37 found no significant benefit of body-weight support treadmill training compared to regular rehabilitation. Danielsson et al. 32 reported that heart rates and VO2 were improved with 30% bodyweight support. Therefore, although this appears to be a promising treatment approach, the evidence is conflicting with regard to the evidence of partial bodyweight support in gait training.
Conclusions about partial body-weight support and treadmill training
There is conflicting evidence, based upon three good RCTs (two positive and one negative) that the combination of partial bodyweight support and treadmill training results in improved gait performance. It is of note that the three fair RCTs did not show a benefit.
EMG/biofeedback in lower extremity
Moreland and colleagues 39, 40 concluded that EMG biofeedback was an effective adjunct to stroke physiotherapy in the lower limb but not in the upper limb. Eleven RCTs that evaluated the effectiveness of EMG/biofeedback were identified. 13, [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] The results are summarized in Tables 8  and 9 . Due to the substantial numbers of RCTs, studies using nonexperimental study designs were not considered in this analysis. Morris et al. 45 (PEDro = 6) reported that knee hyperextension and gait recovery were significantly greater in the Table 7 . Summary of studies using body weight support to improve gait Muscle strength and rating of tibialis anterior; range of movement of foot; video recording of patient walking; assessed at entry, end of treatment, and 6 wk followup
Significantly greater improvements in the biofeedback group in terms of muscle strength at the end of treatment were maintained at follow-up.
On the range of movement and gait analysis measures, both groups showed some improvement after treatment. However, at follow-up this improvement had relapsed for the exercise group and it had been maintained for the biofeedback group.
Mulder et al. 50 (PEDro = 6) found significant improvement in active movement when EMG biofeedback therapy was added to physiotherapy. In contrast, Intiso et al., 47 in a good quality RCT (PEDro = 6), found no difference in any outcomes when compared to controls. Wong et al., 49 in a fair quality study (PEDro = 5), found that EMG biofeedback improved standing in hemiplegic patients; Engardt et al. 46 (PEDro = 5) reported a benefit in sit-to-stand with ground reaction force feedback. Mandel et al., 44 in another fair study (PEDro = 4), found rhythmic positional biofeedback significantly improved walking speeds, even when compared to standard EMG biofeedback training. Tables 8 and 9 summarize the RCTs in this area of stroke rehabilitation.
Conclusions about biofeedback
Biofeedback training improved gait and standing post stroke in the majority of fairto-good quality RCTs (eight out of nine), constituting strong evidence of a positive benefit in gait retraining.
Splinting the lower extremity
It is common practice to use splints in the hemiplegic lower extremity in an attempt to improve gait quality. The upper motor neuron injury results in gait deviation, including knee and hip extension and ankle plantarflexion, during stance phase. To facilitate the swing phase of gait, an AFO is often used to compensate for excessive ankle plantarflexion and a lack of knee flexion. Four studies were identified that evaluated the effectiveness of splinting devices. 33, [51] [52] [53] Two of the studies were RCTs. 33, 54 The results are summarized in Table 10 .
Kosak et al., 33 in a fair RCT (PEDro = 4), found aggressive bracing assisted walking therapy resulted in similar outcomes to partial body-weight-supported treadmill training. Chen et al., 54 in a poor quality RCT, nevertheless noted significant improvement in postural stability with lateral weight shifting and weight bearing through the affected side. Two non-RCTs noted improvements with AFOs in various parameters of gait.
Two studies that examined deinnervating the posterior tibial nerve and the use of AFOs were also reviewed. 55, 56 A second 1995 RCT by Beckerman was also considered to be part of the first study. 57 The single RCT, considered to be of good quality, reported a reduction in spasticity with no improvement in any other relevant outcomes associated with gait. A significant increase in passive range of motion was noted in the other unrated study. The results are presented in Table 11 .
Conclusions about splinting the lower extremity
Use of AFOs has been studied in the hemiplegic lower extremity. Unfortunately, only one RCT has examined the role of AFOs in gait outcomes and then in association with posterior tibial nerve deinnervation. Multiple nonrandomized studies have demonstrated that AFOs improve various parameters of gait. Therefore, there is limited evidence that AFOs improve elements of gait and moderate evidence that an AFO when combined with posterior tibial nerve deinnervation improves gait outcomes in hemiplegic stroke patients. 
